(CaO), calcium carbonate (CaCO 3 ), anhydrite (CaSO 4 ) and gehlenite (Ca 2 Al 2 SiO 7 ) as main 1 crystalline phases. 2 Trial using the modified Chapelle test 29 confirmed that GP has a pozzolanic activity. The 3 pozzolanicity of GP was also verified by monitoring in cement pastes the decrease of the 4 portlandite peak using X"ray diffraction 30 . The capacity of consumption of calcium hydroxide 5 by GP is estimated to 418 grains Ca(OH) 2 /oz (955 mgCa(OH) 2 /g). AFA has both a 6 pozzolanic activity and hydraulic activity. Determined by the modified Chapelle test 29 AFA 7 is able to react with 36 grains Ca(OH) 2 /oz (82 mg Ca(OH) 2 /g). Taking into account of the 8 9.2% of free lime initially present in AFA, the capacity of consumption of Ca(OH) 2 by AFA 9 is estimated to around 89 grains Ca(OH) 2 /oz (204 mg(Ca(OH) 2 )/g). 10
One siliceous sand and two crushed coarse limestone aggregates were used for concrete 11 mixes which are summarized in Table 2 . An air"entraining admixture (in a range of 0.46 to 12 0.89 oz/lb of binder (29.0 to 52.6 ml/100 kg of binder)) and a superplasticizer (in a range of 13 0.0 to 0.3 oz/gal of concrete (0.0 to 2.2 l/m 3 ) have been used to achieve an entrained air 14 content between 6% and 8% and an initial slump between 7.2 in. and 8. . 8
• 9
Compressive strength tests are conducted in accordance with ASTM C39 31 on cylinders kept 10 in a 100% relative humidity room for 1, 7, 14, 28, and 91 days. 11
The tests of rapid chloride ion penetration are conducted according to the procedure 13 described in ASTM C1202 • 12
This test is conducted on concrete structures as described above. The concrete specimen are 13 demolded 48 hours after their fabrication and cured in a 100% relative humidity at 68°F 14 (20°C) for 6 weeks. Electronic devices are connected during the 7 th week on the superficially 15 air dried concretes at 68°F (20°C). The 8 th week, the concrete structure is filled with tap water 16 to saturate the concrete and check the tightness and liquid leaks. The 9 th week, tap water is 17 replaced by a saline solution (5% NaCl) and a potential difference of 5V is applied between 18 the cathode (galvanized steel grid placed in saline solution) and the anode (each 36 bars 19 tested). For each steel bar, the voltage is periodically measured on a 1 resistor connected in 20 between the cathode and the anode. The measurements are thereafter converted into electrical 21 current data using the Ohm's law. 22
To investigate the microstructure at the end of the accelerated corrosion tests, the corrosion 23 products developed in the four concretes (OPC, GP, AFA, LF) mixed at a W/B=0.55 were 24 observed using SEM and analyse using energy"dispersive spectroscopy (EDS). In this sense, 1 corroded concrete samples were cored around the reinforcing bars and fresh factures pieces 2 were taken from each core samples for SEM observations. The SEM acceleration voltage and 3 emission current were respectively set to 15.0 kV and 60 A. Complementary to these 4 microscopic investigations, corroded bars have been extracted from the four concretes (W/B 5 = 0.55) in order to evaluate the loss of mass during the test. 6
This test is conducted accordingly to the AFGC recommendations 
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In Fig. 8 , the evolution of current intensity in steel bars during the accelerated corrosion tests 23 are given for steel bars placed at 0.8 in. (20 mm) from the surface. This test gives interesting 24 data on the concrete behavior after the beginning of corrosion and more precisely the way it 25 performs against the stress induced by the formation of chlorinated iron oxides. The current 1 variation with time can schematically be described in three steps: 2 1) The current intensity decreases with time. This diminution can be explained by a 3 continuous penetration of chloride in the porosity toward the polarized steels. Salts may 4 precipitate within the porosity making the concrete progressively less penetrable by the 5 chloride ion and/or a protective oxide layers may be formed on the steel bars. 6
2) The current intensity remains constant. This step is not systematically observed. It is 7 generally encountered with steels placed deeper in the concrete. At this stage, we assume that 8 chlorides have reached the steel bars and the corrosion process begins. The evolution of the 9 microstructure of the concrete and its penetration of chloride ions remains unchanged with 10 time. 11
3) The current intensity increases and an important variation within the three steels placed at 12 the same distance from the surface can be recorded. This increase may be explained by a 13 degradation of concrete, due to the formation of expansive corrosion products, and of the 14 protective oxide layers on the steel bars. It may depend of the concrete resistance towards the 15 tensile stresses generated by the formation of corrosion products. The crack spread is 16 complex and can be greatly different between the three bars placed at the same distance from 17 the surface. 18
The test on the structure made with four concretes with a W/B ratio of 0.55 was stopped after 19 32 days because of large cracks causing major leaks of chloride solution. 20
The initial current measurements give information on concrete resistances. It can be clearly 21 Table 3 for bars initially placed at 20 mm from 1 the surface exposed to chloride solution. 2 Shayan and Xu. 20 show that the use of 20% GP in substitution of OPC does not have an 3 impact on the dynamic modulus of elasticity (E). The good behavior of GP concrete is not 4 thus explained by an increase of E. As it can be seen in Table 3 , the quantities of corrosion 5 products are two to three times less important for GP concrete compares to OPC, LF and 6 AFA concretes. After 32 days of testing, the better resistance of GP concretes to the 7 generation of cracks may be explained by lower quantity of corrosion products. The lower 8 quantity of corrosion products thus exercises less tensile strength on the concrete. 9
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The porosity accessible to water obtained by applying the method recommended by AFGC Globally, the Fe/Cl ratios in Table 4 show comparable results during both the chloride ions penetration and accelerated corrosion 22 tests, also indicate comparable low Fe/Cl ratios. 23 1 Besides their environmental impact, the use of ACMs brings additional mechanical and 2 durability properties to concrete. The present work illustrates that the use of these ACMs has 3 an impact on both the mechanical and transfer properties of concrete, such as the chloride ion 4 penetration and accelerated corrosion. At early ages (1 day), the dilution of OPC by ACMs 5 reduces the compressive strength. With time, concrete mixes designed with ACMs achieve 6 similar or greater compressive strengths than those attained by OPC concretes. 7
For the transfer properties, the replacement of 10% of OPC by LF or 20% of OPC by AFA 8 has no significant consequence on the resistance to chloride ion penetration. The pozzolanic 9 activity of GP decreases the chloride ion penetration of concrete. This effect is also observed 10 at high W/B. 11
The accelerated corrosion tests on reinforced concretes clearly show that concrete with 20% 12 GP exhibits a good resistance to the formation of corrosion products on steel bars, while the 13 other tested concretes are rapidly damaged using the same accelerated conditions. 14 
